Objective: There have been suggestions that patients with subarachnoid hemorrhage (SAH) have a better outcome when treated in high-volume centers. Much of the published literature on the subject is limited by an inability to control for severity of SAH. Methods: This is a nationwide retrospective cohort analysis using the Nationwide Inpatient Sample (NIS). The NIS Subarachnoid Severity Scale was used to adjust for severity of SAH in multivariate logistic regression modeling. Results: The records of 47 911 414 hospital admissions from the 2006-2011 NIS samples were examined. There were 11 607 patients who met inclusion criteria for the study. Of these, 7787 (67.0%) were treated at a high-volume center compared with 3820 (32.9%) treated at a low-volume center. Patients treated at high-volume centers compared with lowvolume centers were more likely to receive endovascular aneurysm control (58.5% vs 51.2%, P = .04), be transferred from another hospital (35.4% vs 19.7%, P b .01), be treated in a teaching facility (97.3% vs 72.9%, P b .01), and have a longer length of stay (14.9 days [interquartile range 10.3-21.7] vs 13.9 days [interquartile range, 8.9-20.1], P b .01). After adjustment for all baseline covariates, including severity of SAH, treatment in a high-volume center was associated with an odds ratio for death of 0.82 (95% confidence interval, 0.72-0.95; P b .01) and a higher odds of a good functional outcome (odds ratio, 1.16; 95% confidence interval, 1.04-1.28; P b .01). Conclusion: After adjustment for severity of SAH, treatment in a high-volume center was associated with a lower risk of in-hospital mortality and a higher odds of a good functional outcome.
Introduction
Subarachnoid hemorrhage (SAH) is a potentially devastating cerebrovascular insult which affects approximately 30 000 people in the United States each year [1] . The case mortality has decreased in recent years, potentially because of improved aneurysm control techniques and specialized neurocritical care centers [2, 3] . Hospital size and casevolume have been examined as potential influences on outcomes for patients with SAH. Some authors have found improved survival for patients treated at high-volume centers [4] [5] [6] [7] [8] [9] [10] , whereas others have not shown a benefit [11, 12] . Many of these analyses have been limited by a lack of control for SAH grade, a fundamental covariate necessary to accurately compare care [4] [5] [6] [7] [8] [9] [10] . In analyses where SAH grade was included, the generalizability of these findings is limited because of the singlecenter nature of these publications [12] .
Transfer to a high-volume center is recommended in patients with SAH by numerous societies [1, 13] . Although there has been substantial literature published on the potential association of case-volume and improved outcomes for patients with SAH, the bulk of these analyses were completed without controlling for the severity of SAH. It was therefore the objective of this investigation to assess the association with hospital case-volume and outcomes of patients with SAH across the United States while adjusting for severity of hemorrhage. deidentified data set was used for this retrospective cohort analysis, for which a waiver of consent was obtained from the University of British Columbia Institutional Review Board.
The 2 primary outcomes analyzed in this study were in-patient mortality and the Nationwide Inpatient Sample Subarachnoid Outcome Measure (NIS-SOM) [17] . The NIS-SOM was validated to correlate with the modified Rankin score (mRS) and thus reflects a good functional outcome vs not in patients with SAH. Further details on the derivation and validation of this score are available in the article by Washington et al [17] .
Study population
The Nationwide Inpatient Sample (NIS) for the years 2006-2011 were used for this analysis. The NIS is produced by the Agency for Healthcare Research and Quality (AHRQ) and captures approximately 20% of all in-patient hospitalizations across the United States. Using a complex survey design, the NIS is powered to estimate 95% of all inpatient care delivered across the United States [14] .
Patients ≥18 years of age with a primary diagnosis of SAH (International Classification of Diseases, Ninth Revision, code 430) were included in the analysis. Only patients that had definitive treatment of their aneurysm were included in the analysis. This was done to isolate a patient population that was deemed salvageable and to remove patients who presented with fatal bleeds. Treatment of aneurysm was defined as the presence of procedure codes for open aneurysm clipping (39.51) or endovascular coiling (39.72, 39.75, 39.76, 39.79). Patients were then segregated into 2 cohorts of hospital types, high-volume (≥20 cases per year) and low-volume centers (b20 cases per year), similar to previous literature and the Joint Commission standards for Advanced Stroke Center Certification [6, 15] . A flow diagram for cohort selection is displayed in Figure. Patient-level variables obtained from the NIS included age, sex, inhospital mortality, length of stay, insurance coverage (yes vs no), and patient transfer status (transferred from another hospital vs not). Hospital characteristics acquired included size (small, medium, or large as defined by the AHRQ [14] ), location (rural vs urban), teaching status (yes vs no), and region of country (Northeast, Midwest, South, West). We also collected the 29 Elixhauser comorbidity indices for each patient [16] .
To control for severity of SAH, we used the Nationwide Inpatient Sample Subarachnoid Severity Score (NIS-SSS) as developed by Washington et al [17] . This validated score correlates with the Hunt and Hess grading scale and is equivalent statistically to the Hunt and Hess score for predicting 6- 
Transfer of patients
Patients presenting to peripheral hospitals with SAH may be selectively referred to a higher level of care. If the patient has a high-grade SAH and survival is not expected, the patient may not be transferred. This is an example of selection bias, and it could possibly confound the results of our analysis. To account for this possible bias, we will repeat the analysis excluding all patients at high-volume centers that were transferred in from another institution.
Statistical analysis
Analyses were performed using SAS v9.4 (Cary, NC) while using complex survey weights provided by the NIS. All analyses incorporated appropriate survey procedures in SAS to accurately compute national projections. Univariate analysis was by χ 2 and independent t tests where appropriate. An α level of .05 was used in all cases. In accordance with the AHRQ data use agreement, cells containing less than 10 patients were reported as such to prevent identification of individual patients [18] .
Missing data for variables in the final cohort were excluded from individual patient analyses; however, missing data represented less than 1% of data. The only variable with significant missing data was transfer status of patients, with approximately 30% of data missing. Multivariate logistic regression was used to model the risk of inhospital mortality and the NIS-SOM. Variables included in the model were age, NIS-SSS, sex, hospital case volume, endovascular control of aneurysm, hospital bed size, hospital region, hospital teaching status, hospital location, and the 29 Elixhauser comorbidity indices. Two models were created for each outcome; the first model included all patients, whereas the second model for each outcome excluded transferred patients.
Results
The records of 47 911 414 hospital admissions from the 2006-2011 NIS samples were examined. There were 11 607 patients who met inclusion criteria for the study. Of these, 7787 (67.0%) were treated at a high-volume center compared with 3820 (32.9%) treated at a lowvolume center (Table 1 ). There were 3489 (30.1%) patients who were transferred from another institution in the cohort.
Patients treated at high-volume centers compared with low-volume centers were more likely to receive endovascular aneurysm control (58.5% vs 51.2%, P = .04), be transferred from another hospital (35.4% vs 19.7%, P b .01), be treated in a teaching facility (97.3% vs 72. The results of multivariate logistic regression modeling the outcome of in-hospital mortality are displayed in Table 2 . After adjustment for all covariates in the model, including severity of SAH and method of aneurysm control, treatment in a high-volume center was associated with an odds ratio (OR) for death of 0.82 (95% confidence interval [CI], 0.72-0.95; P b .01). To eliminate referral bias, patients who were transferred to a higher level of care were excluded in a prespecified analysis. After only including patients who were not transferred, we observed an OR for death of 0.86 (95% CI, 0.74-1.01; P = .06) for treatment in a highvolume center. In both models, the use of endovascular control was not associated with a difference in mortality (model 1: OR, 1.09; 95% CI, 0.96-1.23; P = .20 and model 2: OR, 1.10; 95% CI, 0.96-1.28; P = .18). The results of multivariate analysis predicting the outcome of NIS-SOM are displayed in Table 3 . For all patients in the cohort, treatment at a high-volume center was associated with a higher odds of a good outcome (model 3: OR, 1.16; 95% CI, 1.04-1.28; P b .01). When transferred patients were excluded, the observed increased odds of a favorable outcome at discharge were preserved (model 4: OR, 1.13; 95% CI, 1.01-1.27; P = .04). In both models examining discharge functional status, aneurysm treatment with an endovascular approach compared with an open approach was associated with improved odds of a good outcome (model 3: OR, 1.39; 95% CI, 1.27-1.52; P b .01 and model 4: OR, 1.45; 95% CI, 1.30-1.61; P b .01).
Discussion
Approximately two thirds of all patients who suffer an aneurysmal SAH and have definitive control of the aneurysm receive treatment in hospitals which meet the Joint Commission requirements for highvolume centers. About 30% of these patients were transferred from another institution. Treatment in a high-volume center was associated with lower rates of in-hospital mortality and a better odds of a good functional outcome even after adjustment for baseline covariates and severity of SAH. After excluding transferred patients, treatment in high-volume centers was still associated with a higher risk of a good For hospital region, Northeast is the reference; and for hospital size, small hospitals are the reference. Model 1 includes all patients in the cohort, whereas model 2 excludes those patients transferred in from another institution. For hospital region, Northeast is the reference; and for hospital size, small hospitals are the reference. Model 3 includes all patients in the cohort, whereas model 4 excludes those patients transferred in from another institution.
functional outcome; however, the CI for in-hospital mortality became nonsignificant. Potential explanations for the improved hospital survival and functional outcomes of patients treated at high-volume centers have been explored previously. Large referral centers may have specialized neurocritical care units which have been shown to improve outcomes in a variety of neurologic disease [3, 19, 20] . These centers may also be equipped with interventional neuroradiology departments which offer advanced aneurysm treatment modalities and vasospasm management. Cross et al [4] in 2003 found that only 37% of patients with SAH were treated at centers with endovascular capabilities. It is probable that this percentage has increased since 2003 with the widespread utilization of endovascular therapies for SAH and other conditions.
The recent analysis of Chang et al [12] demonstrating similar outcomes for patients with SAH treated in specialized neurocritical care units regardless of case volume is important to consider. Improved outcomes observed in high-volume centers may reflect the expertise present at these centers more so than an absolute case volume cutoff. An ideal combination of case volume and expertise may maximize the benefit to patients. Determining this optimal mix would allow for more effective hospital planning and treatment algorithms for these patients.
Our finding of a higher percentage of patients at high-volume centers being transferred from another hospital warrants close examination. The transfer of patients to higher levels of care may select for salvageable patients and artificially increase the case mortality at smaller hospitals. If a patient presented with a devastating SAH with a very poor prognosis, instead of transferring to a more specialized center, the patient may have been transitioned toward comfort care. We attempted to control for this by repeating a subgroup analysis including only patients who were not transferred. Future studies are warranted to examine the effects of transportation of SAH patients and to better elucidate the outcomes of these patients.
The strengths of this study lie in its large size and ability to capture the treatment of SAH patients across the entire United States. The NIS is powered to estimate approximately 95% of all US in-patient care by applying complex weights to a 20% sample of all admissions [14] . Previous analyses using the NIS to address this topic by Leake et al [6] were hindered by the inability to control for SAH grade. Using the NIS-SSS in our modeling allowed a more robust comparison of hospital volume and outcomes in SAH. The utilization of the NIS-SOM adds a second well-validated outcome measure to this analysis which goes beyond base mortality and reflects functional outcomes. A 6-month functional outcome would be more informative; however, those data are unfortunately not available in the NIS.
The results of this analysis must be interpreted in the context of its study design. Utilization of large administrative databases contains inherent risk for misclassification and selection bias. Another key limitation of our study is the inability to capture vasospasm incidence and its management. Ideally, more granular information regarding this dreaded complication of SAH would allow for more accurate comparison of case severity between center volumes.
Conclusion
Approximately two thirds of all patients with SAH that receive definitive aneurysmal therapy in the United States are treated in highvolume centers. After adjustment for severity of SAH, treatment in a high-volume center was associated with a lower risk of in-hospital mortality and poor functional outcome.
